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A B S T R A CT  
Formulation of Nanoparticle – drug composite is becoming a growing field of research in today’s 
scientific community. In comparison to the research on the experimental methods for these 
formulations and their application in various fields, the study of the interaction between drug and 
nanoparticle is less. In this study, we are reporting about the selection of metals for the formulation of 
nanocomposite with ferulic acid which is a well-known bioflavonoid having different medicinal 
activities. Ferulic acid contains only one –OH group which may reduce the conflict of selecting the 
metal atom binding site. For our study, we considered twelve metals which have been reported for 
having the potentiality to synthesis nanoparticles. These metals are gold, silver, copper, iron, zinc, 
nickel, platinum, palladium, rhodium, ruthenium, cadmium, and antimony. To mimic the actual 
nanocomposite structure, one metal atom has interacted with two molecules of ferulic acid. All 
nanocomposite model structures were designed using Avogadro software for windows. It was 
subjected to energy minimization and O-metal-O bond angle calculation. From the energy levels, it was 
observed that cadmium exhibited the lowest energy level and antimony showed the highest energy level 
suggesting their nanocomposite model structures as the most stable and unstable formulation 
respectively.  
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1 Introduction:  
The vast applications of nanoparticles in various fields have drawn the focus on its research. The area in 
which nanoparticles have spread to their maximum reach is its study on biomedicine and agriculture. Metals 
are found to be a very good ingredient for synthesis of nanoparticles. Although few of them have some 
adverse effect on human health as well as on ecosystem, but adjustment in terms of dosage at which the 
nanoparticles are used for medical purposes have got very little hazardous effect. Several metals have been 
reported for being used as a precursor for nanoparticle synthesis, among them, Gold (Au) [1], Silver (Ag) 
[2,3], Copper (Cu) [4], Iron (Fe) [5], Zinc (Zn) [6], Nickel (Ni) [7], Platinum (Pt) [8], Palladium (Pd) [9], 
Ruthenium (Ru) [10], Rhodium (Rh) [11], Cadmium (Cd) [12] and Antimony (Sb) [13] are most common. 
The nanoparticles produced by these metals are widely used as a vehicle for drug molecules to be 
administered during the treatment. Benefits and supports of such vehicle makes these drug – nanoparticle 
composites a very useful mode of drug delivery system in medical science. Free drug molecules dissociate 
and metabolize in the body very easily. But if these drug molecules are administered with a nanoparticle 
vehicle, the sustained release will occur and the drug will get more time to show its activity. Hence this 
study of interaction between drug molecule and the nanoparticles have become very useful for researchers 
who are doing research on drug – nanoparticle composite formulation and their application.  
Amongst various Biomolecules having activity in medicinal aspects, flavonoids stand in a strong position. 
Many flavonoids are using as drugs for treatment against a huge range of diseases. Hence the composite 
structures of metal nanoparticles with different flavonoid molecules play an important role in the field of 
biomedical research. Many flavonoid molecules have already been studied for their interaction with metallic 
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nanoparticles. Flavonoid-coated nanoparticle synthesis also serves the purpose where the drug molecules 
attach on the nanoparticle surface during its formation [14]. Metal nanoparticle synthesis by extracts of 
different parts of several plants, better known as green synthesis, have also same impact on the research in 
this field [15].  
Here we have chosen ferulic acid as a drug molecule for its major array of applications in various fields. It 
has some additional antimicrobial [16], anti-inflammatory [17], antioxidant [18], anti-diabetic [19] and 
anticancer activity [20]. As this bioflavonoid is very much efficient in the field of biomedicine and 
agriculture, therefore, we used this drug molecule for our research to study interaction pattern of different 
metal atoms along with the nanoparticles so that we can have a clear idea about the formulations of ferulic 
acid – metal nanocomposite.   
2 Methodology 
During the synthesis of nanoparticles and their composites, one drug molecule may interact with more than 
one metal atom. In other words, one metal atom may be bound with more than one drug molecule. Thus, 
in this study we took into consideration only one metal atom that binds with two identical drug molecules. 
We know that bioflavonoids are polyphenolic in nature which contains many –OH groups in its chemical 
structure [21]. To avoid the question that which free –OH group will act in the interaction of metal atom, 
we selected ferulic acid (structure of ferulic acid has been shown in Figure 1A) which has only one free –
OH group in its molecular structure for its binding with   metal atom. As every metal atom which had been 
reported to interact with two molecules of ferulic acids by free single –OH group present in its structure. 
Metals we selected here for our study were gold (Au), silver (Ag), copper (Cu), iron (Fe), zinc (Zn), nickel 
(Ni), platinum (Pt), palladium (Pd), rhodium (Rh), ruthenium (Ru), cadmium (Cd) and antimony (Sb) as 
these metals have been reported for having capability to synthesize nanoparticles by many research groups.  
We used Avogadro software for windows [22] to compose the structure of drug nanocomposite. At very 
beginning we constructed the chemical structure of ferulic acid and allowed it for energy minimization. 
Afterward we conjugated two ferulic acid molecules with each metal atom separately and the energy 
minimization was done with the nanocomposite structure for calculating the energy levels of those 
composites. The energy levels were then listed in tabular form to compare the nanocomposite structures 
having minimal energy.  
3 Results and Discussions 
Ferulic acid structure was first designed by Avogadro (as shown in Figure 1B) and after energy 
minimization, this molecule was found to have contained the energy of 125.417 KJ/Mol. This energy 
minimized structure of ferulic acid was subjected to binding of metal atom at its free –OH group. As it has 
only one free –OH group, so there is single metal atom binding site. One metal atom was attached with 
two free –OH groups present in two different ferulic acid molecules to form nanocomposite model 
structure. Likewise, twelve nanocomposite model structures were designed interacting with twelve different 
metals which have been selected for this study.  
 
Figure 1: A) Chemical structure of ferulic acid. B) Structure of ferulic acid designed by Avogadro software. 
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After minimization of energy for all of these nanocomposite model structures (energy levels of each 
nanocomposites are listed in table 1), Antimony was found to have highest energy level of 250.359 KJ/Mol 
which suggests that the nanocomposite of ferulic acid with this metal (figure 2L) is less stable than other 
metals. Ferulic acid nanocomposite with silver (figure 2B) and platinum (figure 2G) showed similar energy 
levels (205.916 KJ/Mol and 206.866 KJ/Mol respectively) with a larger O-metal-O bond angle of 175.2 Å 
and 177.2 Å respectively. When nanocomposites where formed in association with ferulic acid, Gold 
(structure shown in figure 2A) and copper (structure shown in figure 2C) also showed almost similar kind 
energy levels of 204.405 KJ/Mol and 204.711 KJ/Mol respectively. In the list of all metal atoms, iron, 
palladium, rhodium and ruthenium possess energy levels of 202.405 KJ/Mol, 202.085 KJ/Mol, 202.162 
KJ/Mol and 202.262 KJ/Mol respectively. In figure 2, we have depicted model structures of ferulic acid 
nanocomposites with iron (figure 2D), palladium (figure 2H), rhodium (figure 2I) and ruthenium (figure 
2J). Ferulic acid nanocomposites with zinc and nickel exhibited energy levels of 201.483 KJ/Mol and 
201.940 KJ/Mol and their model structures are also shown in figure 2E and figure 2F. Cadmium contained 
lowest energy level of 201.188 KJ/Mol among all metals considered in this study. The model structure of 
ferulic acid–cadmium nanocomposite has been presented in figure 2K. This suggests that cadmium and 
ferulic acid can form nanocomposite structure with more stability than other metals.  
 
 
Figure 2: Nanocomposite model structures of ferulic acid with 
 A) Gold [Au_F], B) Silver [Ag_F],C) Copper [Cu_F], D) Iron [Fe_F], E) Zinc [Zn_F], F) Nickel [Ni_F], 
 G) Platinum, [Pt_F],H) Palladium [Pd_F], I) Rhodium [Rh_F], J) Ruthenium [Ru_F], 
 K) Cadmium [Cd_F] and L) Antimony [Sb_F]. 
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Table 1: List of energy levels (KJ/Mol) for different metal – ferulic acid nanocomposites with their O-metal-O 
bond angles. 
Metal Compound name Energy (KJ/Mol) O–Metal–O Bond 
Angle (Å) 
Gold  Au_F 204.405 89.9 
Silver  Ag_F 205.916 175.2 
Copper Cu_F 204.711 109.4 
Iron Fe_F 202.405 89.9 
Zinc Zn_F 201.483 109.4 
Nickel Ni_F 201.940 89.9 
Platinum Pt_F 206.866 177.2 
Palladium  Pd_F 202.085 89.9 
Rhodium Rh_F 202.162 89.9 
Ruthenium Ru_F 202.262 89.9 
Cadmium  Cd_F 201.188 109.4 
Antimony  Sb_F 250.359 91.2 
 
The study of interaction between metal atom and flavonoid molecule is very much important because many 
research groups are working nowadays to formulate these types of nanocomposites. The formation of 
nanocomplex with ferulic acid and silver nanoparticles has been reported by Wang et al. (2007) [23]. Copper 
has also been observed for having the potency to form nanocomposite in presence of ferulic acid [24]. The 
studies of complex formulation of this flavonoid along with iron [25] and zinc [26] have also been done. 
Although many other groups have been working in the field of metal nanocomposite formation by various 
experimental approaches, but the study of the interaction between the drug molecule and metal atom has 
not yet been done extensively. Very few research articles are available on their interaction study. Thus, we 
discussed that this model may mimic as an actual nanocomposite structure for instance one metal atom 
binds with two molecules of drug. This study can be related to the nanocomplex structures synthesized by 
chemical reduction methods in laboratories. Computational and experimental research on the nanoparticle 
mediated drug delivery system [27] has already been taken an important role in this field. In this respect our 
work may help the researchers who are now currently engaged in this research area.  
4 Conclusion 
From this present study we can conclude that all these metal atoms used here can be a very good option to 
formulate nanocomposite structure having varieties of bond angle and a range of energy levels. Amongst 
all of them, antimony was found to have highest energy in contrast to cadmium that showed the lowest 
energy level when attached with two molecules of ferulic acid. These finding can draw the conclusion that 
antimony forms most unstable nanocomposite in comparison to cadmium which forms the most stable 
nanocomposite formation with ferulic acid. If we put other metal atoms in a series of order starting from 
unstable to stable, we can find as platinum, silver, copper, gold, Palladium, rhodium, ruthenium, iron, nickel 
and zinc.  
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